Background/Aims: The isolation and establishment of female germline stem cells (FGSCs) is controversial because of questions regarding the reliability and stability of the isolation method using antibody targeting mouse vasa homologue (MVH), and the molecular mechanism of FGSCs self-renewal remains unclear. Thus, there needs to be a simple and reliable method for sorting FGSCs to study them. Methods: We applied the differential adhesion method to enrich FGSCs (DA-FGSCs) from mouse ovaries. Through four rounds of purification and 7-9 subsequent passages, DA-FGSC lines were established. In addition, we assessed the role of the phosphoinositide-3 kinase (PI3K)-AKT pathway in regulating FGSC self-renewal. Results: The obtained DA-FGSCs spontaneously differentiated into oocyte-like cells in vitro and formed functional eggs in vivo that were fertilized and produced healthy offspring. AKT was rapidly phosphorylated when the proliferation rate of FGSCs increased after 10 passages, and the addition of a chemical PI3K inhibitor prevented FGSCs self-renewal. Furthermore, overexpression of AKT-induced proliferation and differentiation of FGSCs, c-Myc, Oct-4 and Gdf-9 levels were increased. Conclusions: The differential adhesion method provides a more feasible approach and is an easier procedure to establish FGSC lines than traditional methods. The AKT pathway plays an important role in regulation of the proliferation and maintenance of FGSCs. These findings could help promote stem cell studies and provide a better understanding of causes of ovarian infertility, thereby providing potential treatments for infertility.
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Introduction
The concept that oogenesis continues into reproductive life has been well-established in non-mammalian species [1, 2] , and it is widely accepted in mammals that mature oocytes are supplied from a pool of primordial follicles in the adult ovary without the potential for renewal [3] [4] [5] . However, recent studies have indicated that the formation of oocytes is not, as traditionally believed, restricted to the foetal or perinatal period [6, 7] . Studies have confirmed that FGSCs are capable of generating functional eggs that can be fertilized and produce offspring in mice [8] [9] [10] . In 2009, Zou et al. successfully isolated and purified FGSCs from neonatal and adult mouse ovaries via MACS (magnetic activated cell sorting) using a germline marker named MVH (mouse vasa homologue, also commonly referred to as DEAD box polypeptide 4 or Ddx4) for the first time [8] . Four years later, White et al. first isolated and purified hFGSCs (human Female Germline Stem Cells) from human ovaries of adults of reproductive age using FACS (fluorescence-activated cell sorter) with the same marker Zou et al. used [11] . In 2015, our group also isolated FGSCs from mouse ovaries via MACS (MACSFGSCs) [12, 13] . In 2016, Wu's group also successfully isolated hFGSCs from scarce ovarian cortical tissues that were present in follicular aspirates [14] . However, several groups were unable to isolate FGSCs [15] [16] [17] , which led them to cast doubt on the existence of the stem cells. For example, Hernandez et al. claimed that cells isolated using the anti-Ddx4 antibody showed no evidence of Ddx4 mRNA or protein expression and were unable to show new oocyte formation in transplantation-based assays [18] . Larissa et al. reported that FACSsorted putative oogonial stem cells from the ovary are neither Ddx4-positive cells nor germ cells [19] . Lei et al. and Zhang et al. confirmed that there was no re-establishment of the follicle pool by adult germ cells under physiological or pathological conditions [20, 21] . However, in 2016, Guo's study confirmed that germline stem cells are active in postnatal mouse ovaries under physiological conditions. These researchers also reported that isolation of FGSCs with antibody targeting Ddx4 was questionable, and their work proposed that Oct-4+Dazl-but not Oct-4+Dazl+ or Oct-4+Ddx4+ cells display mitotic proliferation [22] . This finding is not in keeping with the previous studies that reported the isolation of FGSCs with Ddx4 antibody [8, 11] . Therefore, the underlying reasons for the controversy are technical, rather than due to an absence of FGSCs in mammalian ovaries. According to our experience, we have speculated that the main reasons why FGSCs remain poorly studied may include the following factors: the small number of FGSCs in ovaries; the nonspecific isolation marker; the complexity of the isolation procedure and the unknown culture conditions. At present, although Ddx4 and Fragilis (also commonly referred to as Ifitm3, interferon-induced transmembrane protein 3) are the most frequently used biomarkers to isolate FGSCs using MACS or FACS methods, and there is no internationally accepted method or specific biomarker due to the dispute between proponents and opponents of FGSCs.
The differential adhesion method has successfully been applied in the purification of many other types of cells, such as mesenchymal stem cells, neural stem cells and spermatogonial stem cells [23] [24] [25] . According to our experience and Wu's study [26] , the speed of somatic cell attachment to a plate is faster than that of FGSCs; thus, it may be feasible to isolate FGSCs using the differential adhesion method. Although the differential adhesion method has been recently reported to be used to isolate FGSCs, a stable cell line has not been constructed, and there was insufficient evidence for FGSC identification in that article [27] . In our study, we attempted to use the differential adhesion method to facilitate acquirement of FGSCs. This method offers the relative advantage of a rapid and simple procedure to obtain an FGSC line. In addition, we found that the proliferation rate of FGSCs increased after a period of culture, especially after 10 passages. Next, we investigated the molecular mechanisms that control the proliferation of FGSCs and found that the AKT pathway mediates self-renewal of FGSCs. Previous studies have shown that the PI3K-AKT pathway was strongly observed in the mRNAs and lncRNAs of FGSCs [28] . It is known that the AKT pathway is involved in self-renewal of spermatogonial stem cells, but little is known regarding the effects of the AKT pathway on self-renewal of FGSCs.
Materials and Methods

Animals
Mice (C57BL/6) were purchased from the Centre of Medical Experimental Animals of Hubei Province (Wuhan, China). All procedures for animal experiments were approved by the Animal Care and The Committee of Tongji Medical College at the Huazhong University of Science and Technology in China and were carried out in accordance with the National Research Council Guide for Care.
Isolation and culture of DA-FGSCs DA-FGSCs were isolated using the methods described below. In brief, for each isolation, eight ovaries were dissected from four 6-week-old mice (7-day-old and 12-week-old mice were also used to isolate DAFGSCs) and then were cut into a slurry in Hank's balanced salt solution without calcium or magnesium (HBSS BOSTER) containing collagenase/Dnase I (Type IV; Sigma), followed by incubation at 37°C with intermittent shaking for 15 min. Then, undigested ovarian debris was removed, and the dissociated cells were centrifuged at 300 g for 5 min to remove the collagenase and then washed once with FGSC culture medium. Finally, the cells were seeded into one well of a 6-well plate without a feeder layer. The cells were cultured with the defined medium, which consisted of minimum essential medium α (MEM-α), 10% FBS (Gibco), 1000 units/ml LIF (leukaemia inhibitory factor; Millipore), 1 ng/ml bFGF (basic fibroblast growth factor; BD Biosciences), 10 ng/ml EGF (mouse epidermal growth factor; Sigma), 20 ng/ml human GDNF (glial cell line-derived neurotrophic factor; R&D systems), 1 mM non-essential amino acids, 1 mM sodium pyruvate, 0.1 mM β-mercaptoethanol, 1× concentrated N2-supplement, and 1× concentrated penicillinstreptomycin. LY294002 was used at 20 µM. When the cells reached confluence on the six-well plate, they were digested with trypsin followed by neutralization by adding 10% foetal bovine serum (FBS). Next, the digested cells were planted in one well of a six-well plate with gelatin for differential adherence selection, and after 30 minutes cultured at 37 °C, the supernatant that contained cells unattached to the six-well plate was collected and transferred to one well of a 24-well plate for culture without feeder cells. When the cells reached confluence again within the 24-well plate, they were digested and transferred to one well of a 6-well plate, and 30 minutes later, the supernatant was gently collected and transferred to the 24-well plate again. After four rounds of purification, and the remaining cells only required repeated digestion when they reached confluence. Within 7-9 passages, the somatic cells gradually died, small round cells slowly occupied the majority proportion of the total cells, and finally, the DA-FGSCs line was stably established. The culture plates were checked the next morning after subculture, and the medium was changed if many floating cell fragments were observed. Otherwise, the medium was changed every 2-3 days, and all cultures were maintained at 37°C in a 5% CO 2 atmosphere.
Immunofluorescence
To test whether the DA-FGSCs expressed germ cell-specific genes, immunocytochemistry was conducted as follows: the cells were fixed in 4% paraformaldehyde for 15 min at room temperature, and after being washed in PBS three times, the cells were blocked with 3% bovine serum albumin (BSA) at 37°C for 1 h and incubated overnight at 4°C with the following primary antibodies: rabbit polyclonal anti-MVH (1:100 dilution, Abcam), rabbit polyclonal anti-Fragilis (1: 500 dilution, Abcam), anti-Zp3 (1:100 dilution, Santa Cruz Biotechnology), anti-Gdf9 (1:100 dilution, Santa Cruz Biotechnology), anti-Oct-4 (1: 200 dilution, Abcam), and anti-Dppa3 (1:200 dilution, Abcam). After being washed in PBS three times, the cells were subsequently incubated with FITC-conjugated secondary antibodies at 1:200 dilution followed by Hoechst staining for 15 min at room temperature in the dark. Finally, the cells were visualized under a fluorescence microscope. The STO (derived from mouse SIM embryonic fibroblasts) were used as negative control.
Reverse transcription-polymerase chain reaction and real time-polymerase chain reaction
Total RNA was extracted separately from ovaries and DA-FGSCs using Trizol reagent (Qiagen) according to the manufacturer's instructions. Approximately 2 µg of RNA was treated with Dnase I (Thermo Scientific) to remove trace amounts of DNA contamination, and the RNA was used to synthesize cDNA using transcriptor reverse transcriptase (Takara) based on the manufacturer's instructions. Specific primer pairs targeting Nobox, Zp3, Gdf9, Fragilis, MVH, Tert, Dppa3, Dazl, Prdm1, Oct-4, Ybx2, Sycp3, Dmc1, PCNA, c-Myc and Gapdh were used for PCR reactions. 
Karyotype analysis of DA-FGSCs
After being cultured for more than 20 passages, DA-FGSCs in the logarithmic growth phase were treated with 80 ng/ml colchicine in FGSC culture medium for 3 h, followed by treatment with 40 mM KCl for 30 min; then, they were fixed in methanol-acetic acid (3:1), air-dried, stained with Giemsa buffer and finally viewed under a microscope with an oil objective.
Lentiviral transfection of DA-FGSCs and transplantation of GFP-FGSCs
When DA-FGSCs were seeded in one well of a six-well plate and reached the logarithmic phase, the cells were infected with CMV-EGFP virus (Genomeditech) according to the company's manual. Two days later, the expression of GFP was observed under a fluorescence microscope, and when the cells reached confluence, the GFP-labelled DA-FGSCs were purified by FACS. After subculture for several passages, the purified and GFP-labelled DA-FGSCs were transplanted into ovaries of 7-week-old C57/BL female mice. As a control, the filtered supernatant of DA-FGSC culture medium and GFP-STO cells were injected into ovaries of the same type of female mice described above, and each group had 15 mice. In brief, recipients were anaesthetized with 1% pentobarbitone sodium via intraperitoneal injection, and then, a single-cell suspension of 3 μl containing approximately 2×10^4 cells passaged 25 generations was injected into each ovary of the recipients using a 10-µl NanoFil syringe with a 33-gauge bevelled needle (World Precision Instruments). Thirty-five days after transplantation, the above female mice were mated with adult male mice at 2:1 ratio.
Immunohistochemistry
The ovarian tissue sections were fixed and processed for immunohistochemical detection of GFP using a rabbit antibody against GFP (1:100 dilution, ProteinTech) along with a Biotin-Streptavidin HRP Detection System (Qiagen) according to the manufacturer's instructions. Ovaries from medium-transplanted and GFP-STO-transplanted female mice served as negative controls for GFP detection. Images were obtained using a Leica microscope.
Ploidy analysis
Cultured DA-FGSCs (72 h after passage) were collected by trypsinization and washed in ice-cold PBS. After fixation with ice-cold 70% ethanol at -20°C overnight, cells were washed in PBS and incubated with 0.2 mg ml -1 RNase-A for 1 h at 37°C. Propidium iodide was then added (10 µg ml -1 final), and ploidy status was detected using a BD FACSCalibur flow cytometer. STO cells were used as the control in this experiment.
Statistics
All experiments were independently replicated at least three times. Quantitative data (means ± s.e.m. of combined results) were analysed with one-way ANOVA using Statistical Package for the Social Sciences (SPSS) software. Values of p<0.05 were considered to be statistically significant.
Results
Isolation and purification of DA-FGSCs using differential adhesion
Through sufficient physical cutting and collagenase digestion of eight ovaries from 6-week-old mice, we obtained a disperse cell solution, which contained granulose cells, theca cells, oocytes and a small number of FGSCs (Fig. 1A-a) . After culture for 3 days, the density of the above cells reached confluence and some small colonies formed, which resembled FGSCs in terms of morphology (Fig. 1A-b) . Through the first purification in which the supernatant was collected, we obtained a small number of putative FGSCs (Fig. 1A-c) . When the density of the first purified cells reached confluence again in a 24-well plate, they were digested, the supernatant was collected again, and a higher purity of FGSCs was obtained after the second purification (Fig. 1A-d) . Through four rounds of purification and several subsequent passages, we obtained a DA-FGSC line with a morphology that is similar to that of FGSCs (Fig. 1A-e and 1A-f) , exhibiting large cell bodies with little cytoplasm and a large ratio of nuclear plasma as previously described [8] . After the first round of purification, we tested the stemness of the purified cells using ALP (alkaline phosphatase) staining, and the results showed that most of the clonal cells were positive, with a dark blue colour. However, the granulosa cells and theca cells were negative (Fig. 1B) . Furthermore, to have an idea of the positive rate of FGSCs during different stages of enrichment at the early stage, we also performed a statistical assessment of the purity of FGSCs from the first round of purification to the fourth round of purification by examining MVH immunofluorescence (Fig. 1C and Fig. 1D ). (Fig.  2A) . To confirm the identity of DAFGSCs, stemness-related genes, such as Oct-4 and Dppa3, were also examined by immunofluorescence, and the results showed that Oct-4 and Dppa3 were expressed on DA-FGSCs (Fig. 2B) . Next, the PCR detection showed that the DA-FGSCs expressed the germ cell genes Fragilis, MVH, Tert (telomerase reverse transcriptase), Dppa3, Dazl (a germ cell-specific RNA-binding protein), Prdm1 (PR domain containing 1 with ZNF domain), Dmc1, Sycp3, and Ybx2 and do not express oocytespecific genes (Zp3 and Gdf9); the ovaries were all positive for the above genes as the positive control, PCR of RNA samples without reverse transcription were used as the negative control (Fig. 2C) . Next, cytogenetic analysis showed that most FGSCs had a normal karyotype with twenty pairs of chromosomes (Fig. 2D) . Meanwhile, alkaline phosphatase, another protein expressed by FGSCs, was detected, and the results showed that the DA-FGSCs were positive for ALP staining. STO cells was used as the negative as control (Fig. 2E) . In addition, a small number of DA-FGSCs can spontaneously differentiate into OLCs (oocyte-like cells) (Fig. 2F) , and this phenomenon was also reported by Pacchiarotti et al [29] and White et al [11] . Furthermore, to confirm the characteristics of OLCs, the oocytespecific expression of the proteins Zp3 and Gdf9 was detected by immunofluorescence, and the results revealed that certain of the OLCs expressed Zp3 and Gdf9 (Fig. 2G) . Finally, to illuminate whether these OLCs are haploid, FACS-based ploidy analysis of cultured DA-FGSCs 72 hours after passage was conducted, and the results showed that 3.16% of the total cells reached haploid status (Fig. 2H) .
Transfection and transplantation of DA-FGSCs
After the DA-FGSCs lines were stably established, the cells that had been passaged for 20 generations were infected with CMV-EGFP lentivirus (Fig. 3A) in a 6-well plate during the logarithmic growth phase. The EGFP-FGSCs were purified using FACS when they reached confluence and 78% of the cells were GFP positive (Fig. 3B and Fig. 3C ). After subculture for two weeks, EGFP-FGSCs were transplanted into ovaries of recipient females (Fig. 3D) . Then, 35 days after transplantation, a serial-section immunohistochemistry analysis revealed the presence of GFP-positive oocytes along with host follicles containing GFP-negative oocytes, and we did not detect any GFP-positive oocytes in the ovaries that received mock injections (Fig. 4A) . After 55-85 days post-transplantation, 86% (13/15) of the recipients produced offspring through natural mating with male wild-type C57BL/6 mice (Fig. 4B) . The GFP and PURO (puromycin) genes, which were integrated into the genome of DA-FGSCs, were identified in the genomic DNA of offspring by PCR, and the results showed that 20 of the 82 F1 offspring were both positive for GFP and PURO genes, whereas no positive samples were detected in the control group (Fig. 4C ). In addition, some of the offspring were imaged under a live-imaging machine (Caliper Life Sciences) one week after birth and showed the presence of GFP (Fig. 4D) . Both female and male offspring originating from DA-FGSCs were healthy and fertile, and the body weights of offspring genetically matched those of wild-type mice (Fig. 4E) . The transgenic mice are 11 months old at the time of the writing of this article. Reciprocal hybridization showed that 
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Cellular Physiology and Biochemistry the F1 generation had normal fertility (Fig.  4F ). In conclusion, the above results vigorously verified that DA-FGSCs could differentiate into functional eggs in vivo and finally result in progeny.
AKT pathway mediates selfrenewal of FGSCs
In the process of FGSC culture, we observed that the proliferation rate of early generations was slow. After 10 passages, the proliferation rate increased, and FGSCs could be passaged at a 1:3-1:4 split ratio. To help elucidate the molecular mechanisms that control FGSCs proliferation, we further asked whether the AKT signalling pathway was activated in the cultured FGSCs. Western blots clearly revealed that AKT and AKT phosphorylation was increased in the FGSCs cultured for 20 generations compared to those cultured for 5 generations (Fig. 5A) . To investigate the AKT signalling pathway in the self-renewal of FGSCs, we first examined the effects of pharmacological inhibitors (LY294002) of the PI3K pathway. When FGSCs were cultured in the presence of LY294002 (Fig. 5B) , the growth of FGSCs cells was significantly inhibited, and the number of cells did not increase (Fig. 5C and 5D ). Cell cycle analysis revealed that LY294002 treatment increased the proportion of cells in G1 phase (Fig. 5E ). In addition, the specific FGSC markers MVH and Oct-4 were slightly less expressed in the LY294002 group cells, further supporting a role for the AKT pathway in differentiation of FGSCs (Fig. 5F ). We also examined the expression of cyclin molecules after inhibition of AKT. The Western blot analysis indicated that the expression of c-Myc and cyclin proteins were downregulated in the LY294002-treated group (Fig. 5G) .
To confirm the role of the AKT pathway in regulating FGSC proliferation and differentiation, we also transduced cells with AKT-overexpressing lentivirus. The cells overexpressing AKT proliferated slightly faster than wild-type FGSCs (Fig. 6A and 6B ). Realtime PCR indicated that the levels of proliferation markers, including PCNA, c-Myc and cyclin A were higher than those in control cells (Fig. 6C ). MVH and Oct-4 and the oocyte specificmarker Gdf-9, were also more highly expressed in the AKT overexpression group (Fig. 6C) . Immunofluorescence assays showed that more cells expressed Gdf-9 after AKT activation, the proportion of Gdf-9 + cells increased from 3.2% to 12.3%, suggesting that a portion of FGSCs started spontaneous differentiation ( Fig. 6D and 6E) . The results indicated that the AKT pathway may promote proliferation and differentiation of FGSCs.
Discussion
Spermatogonial stem cells, which have been widely studied, have been confirmed to form sperm in vitro and in vivo for many years [30, 31] . However, whether FGSCs exist has aroused widespread controversy between supporters and opponents in recent years [10, 19, 21, 32, 33] . In 2009, since Wu et al. first confirmed the presence of FGSCs in mouse ovaries, many other researchers have gradually confirmed the existence of FGSCs in other mammalian species [34] [35] [36] . Furthermore, several research groups have extended the application of FGSCs in different fields, such as in vitro differentiation into oocytes [37] , generation of transgenic mice [38] , mechanism research [39, 40] and cell therapy [41, 42] . Although the supporters are in favour of the existence of FGSCs, there are still a number of opponents. One of the important reasons is that questions about the specificity and reliability of the anti-Ddx4-based FGSC-isolation protocol. There are many types of cells in ovaries with complicated growth and differentiation processes. Compared to somatic cells in the ovary, there are relatively few FGSCs (0.014%) in ovaries [11] , and utilizing an inappropriate molecule to label putative germline stem cells, could lead to failure in isolating FGSCs [10, 19, 22, 34, 43] . Although Wu's group has used Fragilis-Based MACS to improve the efficiency of FGSC purification [44] , Fragilis is also present in the oviduct, stromal cells and oocytes, confirming that this germline marker is not germline-specific [19] . Thus, the limiting factor for the study of FGSC behaviour and characteristics in vitro has been separation and purification of these cells while maintaining their self-renewal ability.
In this study, we provide a new methodology that allows efficient enrichment of FGSCs from mouse ovaries through differential adhesion. Based on our experience, we found that the attachment rate of both granulosa cells and stromal cells is faster than that of FGSCs, and thus, we took advantage of the different attachment rate of these cells to isolate FGSCs. Although these enriched cells might be heterogeneous, they contained FGSCs along with other types of cells that function similar to Sertoli cells in the culture of spermatagonial stem cells, providing a niche to promote the growth of stem cells in the early stages. After subculture for several passages, the number of heterogeneous cells, such as granulosa cells and stromal cells, was gradually reduced, and small round cells slowly became the majority proportion of these cells. After four rounds of purification using the differential adhesion method followed by several passages for approximately one month, an FGSC line was stably established, and the FGSCs showed the ability to differentiate into functional eggs and were fertilized to produce offspring, and the offspring were fertile and healthy and remained alive for at least 11 months without any apparent abnormality. Based on the above results, we maintain that the cells isolated by the differential adhesion method were primarily FGSCs and are strong evidence of the existence of germline stem cells in mammalian ovaries after birth.
In addition, the study of FGSCs has been hampered by their low numbers and the lack of methods for isolation and identification, and little was known previously regarding the molecular mechanisms of FGSC self-renewal. Whereas many signalling pathways possibly maintain the biology of the stem cells, the PI3K-AKT pathway has been directly implicated in spermatogonial stem cell self-renewal, which is another stem cell that has germline potential. GDNF was the first molecule that was found to be involved in the selfrenewal of spermatogonial stem cell, and studies have shown that GDNF can activate the PI3K-AKT pathway to promote proliferation [23] . Some researchers recently found that retinoic acid stimulation of the PI3K/AKT/mTOR was required for the differentiation of spermatogonial stem cell [45] . Furthermore, previous studies have suggested that human SSCs can be cultivated for a long period and expanded whilst retaining an undifferentiated Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry status via the activation of SMAD3 and AKT pathways [24] . It is well-known that the AKT pathway is involved in self-renewal of SSCs, but little is known regarding the effects of the AKT pathway on self-renewal of FGSCs. FGSCs and spermatogonial stem cells are similar in their proliferation and differentiation patterns [28, 46] , which raises the possibility that the self-renewal mechanism may be similar between these two systems. It has been reported that the PI3K-AKT pathway is highly expressed in FGSCs, demonstrating that the PI3K-AKT pathway may participate in the self-renewal of FGSCs [46] . Furthermore, previous studies have shown that PI3K signalling plays a key role in controlling the growth of oocytes during the activation of primordial follicles in mice, and the activation of PI3K pathway accelerated the transformation of primordial follicles to primary follicles; these results have also been confirmed in POI patients [47, 48] . The possible reason is that AKT activation may lead to proliferation of FGSCs and differentiation into primordial follicles. In this study, our results demonstrated that inhibition of the AKT pathway prevented FGSC proliferation. Treatment with an inhibitor (LY294002) of the PI3K pathway resulted in downregulation of the expression of proliferation markers, including c-Myc and PCNA. Moreover, several cell cycle regulators, known to regulate cell cycle progression during G1/S transition, were also detected. Cyclin A, cyclin B1 and cyclin D1 were downregulated in the LY294002 group. c-Myc plays a part in many biological functions, including cell proliferation, apoptosis, and differentiation [49] . Proliferating cell nuclear antigen (PCNA) is a distinct marker for cell proliferation [50] , which was downregulated in the LY294002 group. In addition, our results revealed that AKT overexpression increased the proliferation of FGSCs as well as the mRNA expression of MVH, Oct-4, and the proportion of Gdf-9 + (specific marker of oocyte) cells also increased. These results demonstrate that the AKT pathway may regulate FGSC self-renewal. In future study, we will further explore the mechanism of FGSCs differentiation and try to induce FGSCs to differentiate into germ cells in vitro. It has already reported that many other stem cells could be successfully induced as germ cells. In 2003, a group headed by Hans R. Schöler reported that oocyte-like cells could be produced from mouse embryonic stem cells (ESCs) in vitro [51] . Ten years later, Katsuhiko et al. reported that they could get offspring from oocytes derived from in vitro primordial germ cells like cells (PGCLCs) in Mice [52] . In 2014, Kimura et al. demonstrated that PGCLCs were efficiently induced from mouse ESCs by ERK signaling inhibition [53] . And Wei Ge et al. first demonstrated that human skin-derived stem cells possessed the differentiation potential into germ lines without reprogramming into the iPS cell stage [54] . Other researchers have got germ cells from spermatogonial stem cells, mesenchyma stem cells and pancreatic stem cells [55] [56] [57] . These research results will promote the study of the differentiation of FGSCs.
In conclusion, through isolation, identification and functional verification of DA-FGSCs, we confirmed that differential adhesion was a feasible and simple method to establish an FGSC line. In addition, to the best of our knowledge, this report is the first to demonstrate that the AKT pathway regulates the FGSC self-renewal. Although there are some restrictions in our study, the outcome of this study may facilitate FGSC research, encourage more researchers to participate in the field of FGSCs and may resolve such problems as infertility and ovarian ageing.
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